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favoring the concept that targeting both innate and adaptive immune mechanisms may synergistically promote clinical outcome. However, to date, DC vaccination trials are only infrequently accompanied by NK cell monitoring. Here, we discuss different strategies to improve DC vaccine preparations via exploitation of NK cells and provide a summary of relevant NK cell parameters for immune monitoring. We underscore that the design of DC-based cancer vaccines should include the evaluation of their NK cell stimulating potency both in the preclinical phase and in clinical trials. The Oncologist 2012;17:000 -000
NATURAL KILLER CELLS IN CANCER
In the early 1980s, the role of natural killer (NK) cells in defense against cancer was described in seminal reviews [1, 2] . A myriad of reports rapidly followed, supporting the involvement and therapeutic potential of NK cells in cancer immunity [3, 4] . A range of solid tumors [5] [6] [7] [8] [9] [10] [11] [12] and hematological malignancies [13] [14] [15] [16] [17] [18] [19] were shown to be associated with significantly impaired NK cell functions. Importantly, NK cell abnormalities have been shown to be, at least in part, responsible for the failure of antitumor immunity. Deficiencies can reside in all NK cell populations, located in peripheral blood, in (lymphoid) organs, and in the tumor itself [16] . Functional impairment can originate from (a) primary NK cell dysfunction (e.g., imbalanced NK cell receptor expression, impaired cytolytic capacity, reduced cytokine secretion potency), (b) insufficient interaction with other immune cells (e.g., impaired killing of dendritic cells [DCs] ) [14] , (c) active immune suppression (e.g., regulatory T cell [Treg]-mediated suppression) [20, 21] , and (d) NK cell resistance mechanisms by tumor cells (e.g., shedding of decoy molecules for activating receptors) [22] . In this regard, multiple cancer studies point toward a prognostic value for NK cells. Table 1 summarizes valuable NK cell parameters used for prognosis of disease progression and patient survival as well as for prediction of therapy efficacy.
In humans, NK cells are characterized by a CD56 ϩ CD3 Ϫ NKp46 ϩ phenotype. Based on their CD56 cell-surface density, they can be divided into two subsets with distinct phenotypic properties and key effector functions [23] . The majority (ϳ90%) of peripheral blood NK cells have a CD56 dim CD16
bright phenotype and were originally regarded as the more naturally cytotoxic subset, characterized by high cytotoxic granule and perforin expression and lower cytokine-secreting capacity. The smaller CD56 constitutively expresses a higher number of cytokine and chemokine receptors and a lower amount of cytotoxic granules, generally showing a poorer cytotoxic capacity but a superior ability to produce abundant immunoregulatory cytokines following activation, in particular the prototypic cytokine interferon (IFN)-␥. Remarkably, these seemingly subtype-specific effector functions appear to be not as restricted as previously thought. Several research groups recently demonstrated that CD56 dim CD16 bright NK cells can be more prominent cytokine and chemokine producers than CD56 bright CD16 dim/Ϫ NK cells, depending on the stimuli received [24 -26] .
Altogether, it is well accepted that NK cells possess potent antitumor functions that could be targeted for immune-based therapy [27] [28] [29] [30] . Their direct antitumor effects can be attributed to their cellular cytotoxicity and cytokine-producing capacities. NK cells can also indirectly contribute to tumor control by communicating with other immune cells (e.g., DCs, NKT cells, and T cells), leading to an efficient adaptive antitumor response [31] [32] [33] . In this review, we focus on the role of NK cells in DC-based cancer vaccination strategies, providing a comprehensive overview of current in vivo preclinical and clinical DC vaccination studies. We discuss different strategies to improve DC vaccine preparations through engagement of NK cells and we provide a summary of relevant NK cell parameters for immune monitoring.
DC-AND NK CELL-BASED IMMUNOTHERAPY OF CANCER
DCs are widely recognized as key antigen-presenting cells, critical for the induction of cellular immunity and central orchestrators of the immune system, bridging innate and adaptive immunity [34] . In this perspective, it has become clear that NK cells and DCs are in close communication, supporting the development of an efficient antitumor immune response. DCmediated activation of NK cells contributes to the development of potent innate immunity, whereas, in turn, activated NK cells provide signals for DC activation, maturation, and cytokine production, promoting adaptive immunity ( Fig. 1 ) (extensively reviewed elsewhere [31, 34 -37] ). Current understanding supports the idea of exploiting NK-DC immune interactions in cancer immunotherapy (Fig. 1) . A number of (combined) therapies, for example, cytokine [38] , monoclonal antibody [39] , and drug [40] therapy, qualify as acting on both immune cell types. Also, tumor cell vaccines that target both the hosts' NK cells and DCs may be successful [41] [42] [43] [44] . Overall, improvement in tumor cell recognition by NK cells (cytotoxicity) and DCs (phagocytosis and antigen presentation), including stimulation of NK-DC interaction to advance sustained T cell immunity, should be considered in the design of novel immunotherapeutic protocols.
Several NK cell-based immunotherapeutic strategies have been developed, comprising both direct and indirect targeting of NK cell functions. Two main approaches can be distinguished, that is, adoptive transfer of NK cells [45] [46] [47] and in vivo modulation of endogenous NK cells [28, 29, 35, 48, 49] , to bring about antitumor effects. Focusing on the latter, the most powerful immunoregulatory approach would be to attract NK cells to the site of interest, to target both their cytotoxic and their immunoregulatory functions, and to break tumor-mediated immune suppression or escape (Fig. 1) . Following the expanding knowledge on NK-DC crosstalk, several groups have advocated the need to harness these immune interactions in the design of active specific immunotherapy [48, 50, 51] . In view of this, DC-based vaccination would be an obvious strategy to bring about NK cell activation (Fig. 1) .
DC-based therapy originates from the unique capacity of DCs to present captured antigens to T cells, which is essential for generating specific T cell immunity [51] [52] [53] [54] . Loading of DCs with tumor-associated antigens (TAAs) has therefore become an attractive therapeutic tool in order to generate tumorspecific T cells. The immunological outcome of DC vaccination strategies is predominantly evaluated based on induction of specific T cell responses. Indeed, most (pre)clinical trials provide evidence of tumor-specific CD8 ϩ and/or CD4 ϩ T cell responses. However, a discrepancy between these immunological responses and clinical outcome remains [55] . Studies that could demonstrate clinical tumor regression without detecting specific T cell generation prompted the investigation of other mechanisms that could be attributed to the observed effect [56, 57] . (Fig. 1) . In turn, activated NK cells can further stimulate vaccine and host DCs, contributing to recruitment, activation or maturation, and lysis of DCs to advance sustained antitumor T cell immunity and limit inappropriate T cell tolerization (Fig. 1A) . Additionally, enhanced killing of antigen-expressing target cells by NK cells can directly reduce tumor burden and provide (extra) tumor cell material for uptake by DCs and antigen presentation to T cells (Fig. 1B) . Furthermore, both NK cell regulatory and lytic activities can facilitate robust T cell activation in direct (e.g., IFN-␥, killing) and indirect (e.g., T helper 1 [Th1] DC polarization, lysis of immature DCs [iDCs] to prevent inappropriate T cell tolerization) ways, whereas production of Th1 cytokines by T cells, in turn, can further promote NK cell activation (Fig. 1C) .
NK CELLS IN PRECLINICAL DC-BASED VACCINATION
Fernandez and colleagues were the first to address NK-DC crosstalk in cancer, uncovering that DCs support the antitumor activity of NK cells [58] . They demonstrated, in mice, significant NK cell-mediated tumor growth delay upon adoptive transfer of DCs and confirmed the NK-DC interaction in vitro by showing DC-induced improvement in NK cell-mediated cytotoxic and IFN-␥-producing capacity. Ensuing from these data, they emphasized that DC-based immunotherapy may not only promote T cell-dependent antitumor immunity, but it may also directly trigger NK cells in vivo. At the same time, Cayeux et al. [59] demonstrated that DCs, either peptide pulsed, antigen loaded, or gene modified, generated specific cytotoxic T lymphocytes (CTLs) and rejected in vivo tumor challenge, together with an increase in splenic NK cells and lysis of DCs by IL-2-activated NK cells, inferring that antigens released from lysed DC vaccines could in turn be taken up by host antigen-presenting cells to further enhance immunity [59] .
A plethora of research publications on this novel topic of NK-DC interaction rapidly followed, although up until now the effectiveness of DC-based vaccines in clinical settings has rarely been accompanied by NK cell data. Some groups have put forward the potential of DC vaccination to stimulate NK cell functions and supported the idea that DC vaccine efficacy is likely to be dependent on NK cell stimulatory capacity [31, 60 -62] . Although, in general, DC-based vaccines are aimed to elicit antitumor T cell responses, in fact, a range of mouse in vivo studies demonstrated that immunization with activated DCs leads to significant antitumor immunity in an NK celldependent manner, regulated via direct NK cell effects and/or a critical interplay among NK cells, T cells, and DCs. Table 2 provides a comprehensive overview of preclinical DC vaccination studies exploring the involvement of NK cells. Routinely, bone marrow-derived DCs were loaded with tumor antigens (peptide, protein, lysate) via pulsing or viral transduction and administered through various routes. In some cases, a surrogate tumor antigen, such as ovalbumin (Ova) or ␤-galactosidase (␤-gal), was used to verify antigen specificity. The involvement of NK cells was principally evidenced by in vivo antibody-mediated NK cell depletion or the use of beige NK cell-deficient mice (Table 2) .
TAA-loaded DC vaccines were most frequently studied in the B16 murine melanoma model ( Table 2) . Immunization of mice with melanoma antigen-transduced DCs [63-66] or tumor lysate-pulsed DCs [67] resulted in an NK cell-and T cellmediated complete or partial protection against tumor challenge. The outcome was typically measured by the absence or significant control of pulmonary metastases. TAAloaded DC immunization has also led to efficient NK cell-and T cell-dependent antitumor immunity in other tumor models, resulting in protection against tumor challenge and prevention or retardation of established tumor growth [68, 69] . Additionally, it was demonstrated that, in combination with preventive anti-CD25 depletion to block Treg cells, the DC-mediated antitumor effect was more beneficial, allowing rejection of a much higher tumor burden and the development of long-lasting tumor protective immunity [68] . This is in agreement with the work of Ghiringhelli and colleagues, demonstrating that Treg cells inhibit NK cell functions [20] . The approach of DCtumor cell fusions exploiting the whole tumor cell antigenic profile has also shown potent NK cell stimulatory capacities, resulting in NK cell-dependent protective immunity against tumor challenge [70 -72] and long-term systemic immunity [72] (Table 2) . Interestingly, several groups documented the ability of nonantigen-loaded DCs (lacking TAAs), alone or with an adjuvant, to exert protection against tumor challenge, to prevent the development of tumor metastases, to establish long-term survival, and to clear established tumor in an NK cell-dependent manner [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] (Table 2) . Also, in control experiments of DC vaccination studies, the nonantigen-loaded DC control was able to induce NK cell-mediated immunity [64, 66, 68, 78, 85, 86] .
In an alternative (nonantigen-loaded) strategy, DCs are modified to express high amounts of defined proinflammatory cytokines (e.g., IL-12, IL-15, IFN-␥, IFN-␣, IL-18, IL-2) [53] . Cytokines play a pivotal role in the polarization and skewing of adaptive immunity and hence in DC-mediated T cell activation. Importantly, these cytokines could also play a key role in the activation of NK cells. Table 2) . RodriguezCalvillo et al. [88] showed that tumor rejection was completely reliant on IFN-␥ and IL-12. In an equivalent in vitro study with human DCs, the cytolytic activity and cytokine-secreting capacity of autologous NK cells was improved only if DCs were transfected to express human IL-12. Later on, that study was followed by a phase I clinical study in patients with metastatic gastrointestinal carcinomas, resulting in activated NK cells in five of 17 patients [90] ( Table 3) .
Several of the in vivo animal studies analyzed potential mechanisms of DC vaccine-induced antitumor effects in more detail, demonstrating the requirement of either the lytic capacity, cytokine-secreting properties, or both of NK cells and/or T cells (Table 2 ). For example, Ribas and colleagues demonstrated that effective DC-induced antitumor immunity was mediated by lytic NK cells and IFN-␥-producing CD4 (Table 2) . To a further extent, some immunization protocols could induce long-term activation of NK cells via continuous generation of NK cells, rather than a true memory response [78, 83] , whereas transfer of activated splenocytes from DC-immunized mice to naïve mice was shown to exert a similar NK cell-mediated protective antitumor immune response [64] . In the illustrated studies, mostly matured DCs were used, described to be more resistant to NK cell-mediated killing. In this context, Hayakawa et al.
[91] demonstrated in vivo that immature peptide-pulsed DCs were eliminated by NK cells via a TNF-related apoptosis-inducing ligand (TRAIL)-dependent pathway. Moreover, NK cell depletion or 
NK CELLS IN CLINICAL DC-BASED CANCER VACCINATION
In general, the preclinical studies described above demonstrate that NK cells are necessary but not sufficient to induce adaptive T cell responses following DC vaccination, suggesting critical interplay among NK cells, T lymphocytes, and DCs. These findings provide sound evidence that DC-based strategies designed to engage both NK cell and T cell immunity could markedly improve current DC vaccine efficacy for the treatment of tumors (Fig. 1) . In practice, though, only a few groups have implemented evaluation of NK cells in their clinical DC trials. Table 3 provides an exhaustive overview of DCbased tumor vaccination trials implementing NK cell monitoring, either planned or post hoc.
Monitoring of NK cells was most frequently studied in tu- Two groups investigated a cell-free DC-based vaccine preparation consisting of melanoma-associated antigenpulsed autologous DC-derived exosomes (Dex; exosomes are nanometer-sized membrane vesicles invaginating from multivesicular bodies and secreted from different cell types [102, 103] ) (Table 3 ). Both could demonstrate an increase in NK cell lytic activity in half of the patients receiving Dex [56, 104] . Escudier and coworkers also showed that NK cells were capable of recognizing autologous tumor cells following Dex therapy and, for one patient, recruitment of NK cells inside tumor areas could be documented. Based on these results, they pursued exploring the NK cell-stimulating capacity of Dex vaccination with preclinical and clinical studies, including additional ex vivo experiments [81] of patient samples taken during their phase I study [56] . In line with the murine data, they confirmed in vitro NKG2D-mediated NK cell activation by human Dex. From the phase I study, they additionally showed that Dex boosted recirculation of NK cells and restored NKG2D expression and the cytotoxic capacity of NK cells in half of the immunized patients. In two patients with tumor regression and continuing treatment, NK cell effector functions remained boosted at later time points.
Secondary NK cell responses were monitored in two phase I studies following NKT cell-directed therapy with ␣-galactosylceramide (␣-GalCer)-pulsed DCs in a mixed patient group with metastatic malignancies (Table 3 ) [105] [106] [107] . The glycolipid antigen antitumor compound ␣-GalCer is a specific NKT cell ligand with the potential to sufficiently activate NKT cells and induce secondary immune effects, including T cell and NK cell activation [107] . Both groups could demonstrate a transient decrease in peripheral blood NK cells. However, Nieda and colleagues demonstrated that ␣-GalCer-pulsed DCs induced a significant secondary NK cell response [106, 107] , whereas Chang et al. [105] could not detect significant differences for any of the NK cell parameters measured.
From the clinical trials discussed above, we can conclude that DC-based cancer vaccination can have a significant impact on primary and secondary changes in the NK cell compartment. The results strongly indicate that increased DC vaccine-induced NK cell activity, in terms of phenotype, lytic, and/or regulatory functions, points to a more beneficial outcome [56, 81, 95, 97] and show that some DC-mediated NK cell changes are correlated with clinical response [92, 98] (Table 3). However, the limited number of (uniform) trials (e.g., mixed patient groups) and the diversity of DC vaccines (preparation, routes of administration, vaccine doses, and intervals) and of NK cell immunomonitoring assays do not allow the drawing of solid conclusions. For example, some studies demonstrated an increase [81, 95, 98 -100] in peripheral blood NK cell frequency after DC vaccination, whereas others saw no [97] or variable [92, 104] changes or a decrease [105] [106] [107] . In this context, scrutiny of changes in NK cell frequency and function in blood, lymphoid, and tumor tissues is needed to fully judge the impact of DC vaccines on NK cells in vivo in humans. In accordance with the preclinical data of MartinFontecha and colleagues [108] , DC-mediated transient NK cell recruitment to lymphoid tissue, where NK-DC interactions are likely to take place, could account for the peripheral decrease in NK cells observed in a number of clinical trials [105] [106] [107] . Further exploration of NK cell engagement and consistent monitoring in DC-based trials is therefore of utmost importance to learn more about the relevance of NK cells in diverse DC-based cancer vaccination approaches.
IMPROVEMENT OF DC VACCINES VIA NK CELL ENGAGEMENT
Given the limited clinical benefit so far, increasing attention is being paid to the amelioration of the therapeutic efficacy of DC vaccines. The list of approaches is growing and several have been identified as highly innovative [53, 54, 62, 109] . As highlighted in the present review, a promising strategy to improve DC-based vaccination is through ex vivo instruction of DCs to preferentially activate NK cells. Based on the current knowledge on NK-DC crosstalk, DC preparations could be optimized for a variety of parameters to harness DCs for NK cell activation during immunotherapy for cancer. Activated NK cells can, in turn, lead to further stimulation of vaccine and host DCs (Fig. 1) .
According to the DC subset and differentiation or maturation protocol used, DCs can have different effects on NK cells [110, 111] . It has been demonstrated that DC generation with inclusion of IFN-␣ [112] [113] [114] [115] [116] ϩ T cell responses against melanoma peptides only in the presence of NK cells. IFN-DCs were also shown to recruit NK cells [113] and to directly activate NK cells, as measured by CD69 expression and IFN-␥ production [112] . Depending on their maturation status, DCs are sensitive to NK cell-mediated killing [59, 91, 125] , which can affect the survival and immunogenicity of the DC vaccine.
The mode of transfection or transduction and the antigen preparation are critical for the DC activation status and for communication with different immune cells. Numerous antigen preparations (peptide, protein, cell lysate, apoptotic tumor cells, nucleic acids) and loading methods (pulsing, viral transduction, electroporation, lipofection, gene transduction) have been investigated to optimize T cell-stimulating capacity, but some were also examined for their NK cell-activating competence (Table 2) . For example, the use of apoptotic tumor cellloaded DCs was demonstrated to induce an NK celldependent T cell response [126, 127] . Considering the mode of delivery, Vujanovic and colleagues [124] demonstrated, in a recent human trial, that adenoviral transduction, like TLR4 ligand/IFN-␥ maturation, increased the expression of transmembrane TNF and IL-15 on DCs, resulting in enhanced NK cell activation, IFN-␥ secretion, proliferation, and antitumor activities [93, 124] . They showed, in vitro, that adenovirustransduced DCs, as compared with protein-or peptide-loaded DCs, are the most successful at inducing NK cell activation [94] . It was confirmed, in mouse models, that adenovirustransduced DCs induced significant NK cell antitumor activity in vivo [85, 124] . Analogous results were found for prophylactic and therapeutic vesicular stomatitis virus-transduced DC vaccination in mice [66, 84] (Table 2) .
Recruiting immune cells to the sites of interest (tumor and immune cell-enriched sites) and bringing them in proximity of each other is believed to be fruitful for immune activation [48, 128] . In this regard, the route of vaccine administration is an important determinant (Tables 2 and 3 ) [52] . A number of preclinical and clinical studies demonstrated that defined DC preparations were able to elicit the recruitment of NK cells through specific mechanisms. A first observation by MartinFontecha et al. [108] showed, in mice, that s.c. injection of mature DCs led to rapid recruitment of NK cells into the lymph nodes, providing IFN-␥ for Th1 priming. In line with these findings, others have demonstrated the induction of NK cell infiltration in lymph nodes [83, 129] as well as in tumor [75] following immunization of mice with TLR ligand-activated DCs, resulting in NK cell and T cell activation as well as tumor regression. The NK cell recruiting capacities of diverse human DC vaccines have also been examined in multiple in vitro studies. Mature IFN-DCs [112, 113] , DCs loaded with reovirusinfected melanoma cells [130] , and DCs matured with bacterial fragments [123] were shown to secrete distinct NK cell-attracting chemokines (i.e., the CXCR3 ligands CXCL9, CXCL10, CXCL11 and the CCR5 ligand CCL5), mediating in vitro migration and stimulating NK cell activation, NK cellmediated cytotoxicity, and IFN-␥ production. In parallel, the chemokine receptor profile of NK cells (CCR5, CCR7, CXCR1, CXCR3, CX3CR1) can be differentially regulated by DC vaccines to promote NK cell trafficking [131] .
A more direct approach is the transfection or transduction of DCs with NK cell stimulatory molecules, such as genes encoding IL-12, IL-15, or other NK cell-stimulating factors (socalled "designer" DCs). This strategy has already been demonstrated to be effective in activating NK cells and T cells, for example, by vaccinating metastatic gastrointestinal cancer patients with nonantigen-loaded IL-12-secreting DCs [90] (Table 3) . Also, cotransfection (by electroporation) of TAAs with IL-12-encoding genes into mature human DCs induced an increase in activated NK cells and TAA-specific CTLs in vitro [131] .
Finally, NK cells themselves can be used to improve the therapeutic efficacy of the DC vaccine [31, 50] . The generation of DC preparations in the presence of NK cells or NK cellrelated factors was carried out by several groups in the preclinical setting [126, [132] [133] [134] [135] . Using this strategy, ex vivogenerated DCs are brought into contact with NK cell-related signals with or without adjuvant, already bringing DCs to an activated status and priming the DCs for Th1 polarization.
In conclusion, these data underscore why future research efforts should also focus on optimizing the NK cell-activating properties of DC vaccines, in addition to improving their T cell stimulatory and Treg inhibitory capacities (Fig. 1) . The NK cell-activating character of DC vaccine preparations can be imprinted at multiple levels: (a) DC differentiation and maturation, (b) source of antigen and delivery mode to DCs, (c) NK cell-trafficking potential, (d) direct DC modulation, and (e) with support of other immune cells such as NK cells themselves. DC vaccination trials should carefully evaluate how NK cell-mediated surveillance against tumor cells can be incorporated into DC-based therapy.
array of both common and experimental NK cell parameters that have been implemented at the clinical and preclinical level, respectively, are listed in Table 4 . Classical NK cell immunomonitoring includes evaluation, prior to and after therapy, of NK cell frequencies and numbers, regularly complemented by multiparametric phenotypic analysis (Table 4) . In general, the activity of peripheral blood NK cells is tested, although NK cells residing in lymphoid tissue or infiltrated inside [7, 8, 12, 142] or surrounding [6, 143] the tumor have also been assessed for monitoring. Functional assays are routinely focusing on NK cell-mediated cytotoxic activity against NKsensitive target cells (K562; standard assay for the majority of studies) and NK-resistant cells (Daudi, Raji) in the presence or absence of the cytotoxicity-promoting cytokine IL-2. NK cell cytolytic activity was demonstrated to be a valuable prognostic marker for several malignancies (Table 1) . Importantly, some studies performed killing assays against autologous primary tumor cells to evaluate therapy efficacy [102, 144] , which is likely to be of high relevance in the setting of eliminating residual tumor cells to prevent relapse. Commonly relying on the established chromium release killing assay, some clinical studies sought to provide more detailed information on the potential mechanisms of cytotoxicity using single-cell assays (Table  4 ). Another functional characteristic that has also been as- For example, GM-CSF is a known DC differentiation factor and IL-10 is an acknowledged immune-inhibitory cytokine, whereas IL-15 favors the proliferation and survival of NK cells and T cells and is involved in NK-DC crosstalk [124, 145] . Of particular interest for DC-based therapy is the examination of the ability of NK cells to activate, maturate, attract, and promote phagocytosis of DCs (Table 4) . Only a few studies have evaluated such functionalities in an experimental setting [11, 42, 112, 113, 123, 135, 146] . NK cellmediated killing of iDCs is also an attractive parameter to follow [14] . Ideally, it could provide useful information on which patient subsets are more likely to respond to DCbased therapy [147] . Finally, indirect NK cell-related parameters are the subject of research, because a range of transformed cancer cells has been shown to downregulate or secrete soluble molecules (e.g., ligands for the activating receptor NKG2D) in order to evade NK cell immunosurveillance [16] . In line with this, evaluation of tumor cell sensitivity to NK cell-mediated killing would be a significant predictive marker for therapy effectiveness.
Since the perception of the clinical significance of NK cell activity, there has been a need for accurate data generation and analysis [148, 149] . Today it is clear that NK cell biology is more complex than initially considered. Consequently, NK cell activity cannot merely be monitored by plain cytotoxicity assays with NK-sensitive target cells or simple phenotypic analyses [48] . As depicted in Table 4 , an assortment of supplementary phenotypic and functional NK cell-related parameters have already been applied. Notwithstanding, guiding principles for significant parameters should be developed and standardized, ultimately providing useful information on outcomes and therapies. Just recently, Björkström et al. [150] and Bryceson et al. [151] provided precise, up-to-date protocols for NK cell receptor repertoire analysis and functional analysis of human NK cells with flow cytometry. Importantly, similar to the assessment of T cell responses [152] , monitoring NK cell parameters must be done with prudence. Functionally diverse NK cell subsets may act in a distinctive manner per malignancy and per therapy, and the use of various technical protocols may result in significant variable outcomes. For example, we demonstrated variation in the quantification of IFN-␥ secreted by human NK cells following tumor cell stimulation using different methods [153] .
FUTURE PERSPECTIVES
DC-based vaccines are highly potent NK cell-stimulating candidates. Unlike the growing body of evidence acquired through experimental research (Table 2) , there is a relative scarcity of data reporting NK cell function in DC trials (Table 3) [48, 50] . Herein, we provide an overview of mouse and human in vivo studies that investigated the influence of NK cell participation in antitumor immunity following DC-based vaccination strategies. In summary, these studies underscore a substantial role for both the cytotoxic and the regulatory functions of NK cells in the development of DC-mediated adaptive antitumor immunity, advocating for clear implementation of NK cell monitoring in cancer immunotherapy, in particular for DC-based therapy. Careful consideration of defined NK cell parameters and protocols is needed. Ultimately, this will contribute to a more complete understanding of therapy efficacy, generating valuable information that could be exploited in the development of novel adjuvants to improve anticancer immunotherapies. With the need for surrogate markers that could predict clinical outcome, research on NK cell activation as a prognostic factor warrants further intensification. In conclusion, a clear understanding of NK cell functions and mechanisms is essential to envision therapeutic breakthroughs in DC vaccine design. Hence, the development of DC-based vaccination strategies should implement NK cell-stimulating potency both in the preclinical phase and in clinical trials.
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